This study was carried out to determine the phytochemical and antioxidant properties of two pigmented rice cultivars viz., Lingkang taker ame, Umling ame, and a non-pigmented rice Pungpo taker ame. Fourier transform infrared and high-performance liquid chromatography analysis of phenolic compounds were carried out for the rice cultivars. The highest level of total phenolic, anthocyanin, and scavenging activities were observed in Umling ame cultivar. Fourier transform infrared result of rice cultivars showed wide range of frequency (1131.60-3538.75 cm -1 ) which confirmed the presence of various phenolic compounds. Seven phenolic acids were detected in the rice cultivars. The highest value of salicylic acid (302.06 ± 0.01 mg/L), ferulic acid (17.21 ± 0.02 mg/L), apigenin (7.03 ± 0.01 mg/L), and gallic acid (0.98 ± 0.04 mg/L) were detected in Umling ame; whereas the highest value of quercetin (611.46 ± 0.01 mg/L) and caffeic acid (1.83 ± 0.01 mg/L) were found in Pungpo taker ame and Lingkang taker ame cultivars, respectively. Results revealed that the colored rice Umling ame showed higher phenolic content than other two rice cultivars Lingkang taker ame and Pungpo taker ame.
INTRODUCTION
Rice (Oryza sativa L.) is a global staple food and is consumed as a whole grain. Although white rice is commonly consumed, there are several rice cultivars containing color pigments and usually known as black, purple, and red rice. Pigmented rice has been reported to be an excellent source of phenolic compounds. Therefore, pigmented rice has an impact on human consumption due to its substantial antioxidant content. The North Eastern part of India, which has diverse physiographic and agroclimatic landscapes, is considered as the most biodiversified rice-rich region. According to Hore, [1] the state of Arunachal Pradesh itself yielded around 616 germplasm collections of rice from 1987 to 2002. Most of the rice cultivars grown in Arunachal Pradesh are underutilized and commonly have whitish kernels. But there are also some varieties with a colored testa (black, purple, or red) that give slightly colored kernels on milling. [2] The various types of rice are generally categorized on the basis of amylose content. The proportion of amylose (and amylopectin) in the starch is predominantly responsible for the different physicochemical and cooking properties of the rice kernel. The categories of rice on the basis of amylose content are high amylose, intermediate amylose, low amylose, and waxy rice types. [3] Functional properties of rice such as gelatinization, rheology, and gel consistency are vital for effective use of rice in food systems and depend on the amylose content. Moreover, some of the underutilized rice cultivars of Arunachal Pradesh are pigmented rice. Pigmented rice is rich source of bioactive compounds, such as phenolic acid, anthocyanin, flavones, etc. All bioactive compounds are important for human health because of their pharmacological activities as radical scavengers. Recent interest in these substances has been stimulated by the potential health benefits arising from the antioxidant activities of these polyphenolic compounds. Pigmented rice is reported to have a health-promoting potential due to its substantial antioxidant content which inhibits the formation or reduces the concentrations of reactive cell-damaging free radicals. [4, 5] The present investigation reports and compared the phytochemical properties and antioxidant activities of different underutilized pigmented and non-pigmented rice cultivars from Arunachal Pradesh viz., Lingkang taker ame (LA; red rice), Umling ame (UA; red rice), and Pungpo taker ame (PA; white rice).
MATERIALS AND METHODS

Materials
Three rice (Oryza sativa L.) cultivars viz., LA (red rice), UA (red rice), and PA (white rice) were collected from the rice cultivators of Arunachal Pradesh, India. All the rice samples were cleaned and packed in polyethylene bags and stored at ambient temperature.
Proximate Compositions
The moisture, ash, total carbohydrate, starch content, crude protein, crude fat, and amylose contents were analyzed using standard methods. [6] Phytochemicals and Antioxidant Activities
Sample extraction
Sample preparation was done according to the method describe by Atala. [7] Three rice cultivars (10 g each) were powdered in a grinder. The ground sample was extracted with 100 mL of extraction solvent (75:25 v/v, acetone: water). Extracts were shaken in a water bath at 25°C for 90 min, and centrifuged in refrigerated condition (SIGMA Laborzentrifugen, 3-18 KS, Osterode, Germany) at 950 g for 15 min. Supernatant was stored at −20°C for further analysis.
Total phenolics content
Modified version of the Folin-Ciocalteu assay [8] was used to determine the total phenolic content in the extracts from the three different rice cultivars. Gallic acid was used for preparation of standard curve at various concentrations. Independently extract (20 μL each), gallic acid, and blank were prepared and mixed with 1.58 mL distilled water. Folin-Ciocalteu reagent (100 μL) was added to 300 μL of sodium carbonate within 8 min. The samples were vortexed immediately and incubated for 30 min at 40°C. The absorbance was measured at 765 nm in ultraviolet-visible (UV-VIS) spectrophotometer (Spectrascan UV-2600, Thermo Fisher Scientific, Nasik, India). The phenolic content was expressed in mg GAE/100 g.
ANTIOXIDANT PROPERTIES OF PIGMENTED RICE
Total monomeric anthocyanin
The monomeric anthocyanin content of extracted solutions were determined using the pH differential method. [9] Absorbance was measured at 515 and 700 nm. Anthocyanin was calculated as cyanidin-3-glucoside using a molar extinction coefficient of 26,900 and a molecular weight of 449.2.
A ¼ ðA 515 ÀA 700 ÞpH1 À ðA 515 ÀA 700 ÞpH4:5
where DF was dilution factor, MW cyanidin-3-glucoside molecular weight (449.2), and ε molar absorptivity (26, 900) . All measurements were done in duplicates.
Determination of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
DPPH radical-scavenging activity of rice extracts were evaluated according to Brand-Williams, Cuvelier, and Berset [10] method. Briefly, extracts (100 µL) were taken and added to 1.4 mL DPPH radical methanolic solution (10 -4 M). After a 30 min incubation period, absorbance reading was taken at 517 nm using a spectrophotometer (Chemito, Spectrascan UV 2600, double-beam UV-VIS Spectrophotometer Thermo Scientific). The percentage of radical-scavenging activity was calculated using the formula:
where A o is absorbance of control blank and A s is absorbance of sample extract.
Metal chelating activity
Metal chelating activity was done as per method described by Dinis. [11] Ferric chloride (50 μL of 2 mM) was added to 1 mL of different concentrations of the extract (0.2, 0.4, 0.8, 1.6, and 3.2 mg/mL) and 0.2 mL of 5 mM ferrozine solution was added. The mixture was vigorously shaken and kept at room temperature for 10 min. The absorbance reading was taken at 562 nm. The percentage inhibition of ferrozine-Fe 2+ complex formation was calculated as [(A o -A s )/A s ] ×100, where A 0 was the absorbance of the control and A s was the absorbance of the extract. Ethylenediaminetetraacetic acid (EDTA) was used as standard.
Reducing power
The method of Oyaizu [12] was followed. Sample (1 mL) was mixed with 2.5 mL of 0.2 M sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide [K 2 Fe (CN) 6 ]. The mixture was then incubated at 50°C for 20 min. Trichloroacetic acid (TCA) was added (2.5 mL of 10% TCA) to the mixture, and centrifuged at 2200 × g for 5 min. The upper solution (2.5 mL) was mixed with 5.0 mL distilled water and 0.5 mL of 0.1% ferric chloride (FeCl 3 ). Absorbance was measured at 700 nm in spectrophotometer and butylated hydroxytoluene (BHT) was used for comparison.
Hydrogen peroxide scavenging capacity
Hydrogen peroxide scavenging activities of the rice cultivars extract were determined according to the method of Ruch. [13] A solution of hydrogen peroxide (40 mM) was prepared in phosphate buffer (pH 7.4). Extracts (100 μg/mL) in distilled water were added to a hydrogen peroxide solution (0.6 mL, 40 mM) and absorbance of hydrogen peroxide at 230 nm was taken against a blank solution containing the phosphate buffer without hydrogen peroxide. Samples were investigated within the 0-100 μg/mL concentration range, and all samples were run in triplicate.
where A c was the absorbance of the control and A s was the absorbance of the extract.
Fourier Transform Infrared (FT-IR) Spectra of Polyphenols
FT-IR spectra were used for detecting functional groups present in the three different rice cultivars from the state of Arunachal Pradesh. The rice grain was ground into flour and mixed with KBr (spectroscopic grade) powder. The mixer was pressed into pellets for FT-IR measurement in the frequency ranging from 4000 to 400 cm -1 and spectra of the materials were obtained at a resolution of 8 cm -1 . [14] Qualitative and Quantitative Analysis by High-Performance Liquid Chromatography (HPLC)
Sample preparation
The sample (50 g) was mixed with 0.5 g ascorbic acid and added with 100 mL of 80% methanol followed by filtration (Whatman no. 2). The excess amount of the methanol and water was evaporated. The sample was washed in a separating funnel with hexane to remove carotenoid and other nonpolar compounds. The volume was made to equal 50 mL using distilled water and pH was adjusted to 7.0 and 10 mL sample were taken for further analysis.
Detection
A HPLC system (Ultimate 3000 Liquid Chromatography Systems) with an ultimate 3000 variable wavelength UV detector at 215 nm and Ultimate 3000 pump were used for analysis. The column was Acclaim 120 C18 column (5 µm, 120Å) with a size of 4.6 × 250 mm. The HPLC analysis was performed with 20 µL of sample injected into the column. The solvent system was eluent A-acidified water pH adjusted to 2.64 with the dil. hydrochloric acid and eluent B-acidified water: acetonitrile (20:80). A constant flow rate of 1.5 mL/min with a gradient run was maintained. The quantification of polyphenolic compounds was quantified using the calibration curves of their respective standards. The software chameleon ver. 6.80 was used for analyzing data.
Statistical Analysis
Experiments were carried out in triplicates and presented as mean ± standard deviation using SPSS version 16. The data was statistically analyzed by Duncan's multiple range tests at 5% significance level and the Origin 8.5 (Origin Lab Corporation, Northampton, USA) software was used.
RESULTS
Nutritive Quality
The data presented in Table 1 shows that the LA cultivar content significantly (p < 0.05) high amount of moisture (11.13%) than UA and PA cultivar. Ash content was found highest in the UA ANTIOXIDANT PROPERTIES OF PIGMENTED RICE 1.33%, followed by LA 0.97% and lowest in the PA 0.93%. Fat content was significantly (p < 0.05) high in UA 2.60% followed by LA (1.80%) and PA (1.77%). Energy values of three rice cultivars (LA, UA, and PA) were 16.34, 16.29, and 16.23 kJ, respectively. Amylose content of rice cultivars varies from 5.30-11.86%.
Phytochemicals and antioxidant activities
Total phenolic content and the anthocyanin content of three cultivars are shown in Table 2 The phenolic compound and anthocyanin content of three rice cultivars varied significantly. The phenolic contents in the white rice (PA) and the two red types rice (LA) and (UA) ranged from 142-349.30 mg GAE/100 g and anthocyanin content ranged from 1.34-12.79 mg cyanidin-3glucoside Eq/100 g, respectively.
It was observed from Table 3 that the DPPH scavenging activity was highest in UA (88.48%) followed by LA (76.97%) and lowest in PA (68.87%). It may be attributed to the presence of higher amount of phenolic compounds. Figure 1 shows that DPPH scavenging activities of all the three samples were strongly dependent (R 2 value of LA 0.86, UA 0.71, and PA 0.93) on the concentration of the sample. It could be due to marked effect of phenolic compounds of pigmented rice on DPPH scavenging activity.
It was observed from the Table 3 that UA (77.53 µg/mL) has the highest iron chelating activity than LA (72.33 µg/mL) and PA (58.92 µg/mL). It might be due to the presence of higher amount of phenolic compounds which reacted with iron and disrupted the red color complex formation. The correlation coefficients (R 2 ) of three rice cultivars were UA 0.96, LA 0.85, and PA 0.84 and observed that UA (0.75 mM 100 −1 g) has the highest reducing power ( Table 4 ) followed by UA (0.64 mM 100 −1 g) and lowest in PA (0.08 mM 100 −1 g). The correlation coefficient (R 2 ) between the reducing power and sample concentration of the three rice cultivars were determined (Fig. 1 ). The reducing power and the sample concentration showed a strong correlation for all the rice viz., LA (R 2 ) = 0.91, UA (R 2 ) = 0.84, and PA (R 2 ) = 0.98.
Among the cultivars the highest H 2 O 2 scavenging activity ( Table 3 ) was found in the UA (1.88 µg/mL), followed by LA (1.05 µg/mL) and PA (0.57 µg/mL). This may be attributed to the presence of high amount of phenolic compounds and the correlation coefficient (R 2 ) of three rice cultivars were UA 0.94, LA 0.98, and 0.92.
FT-IR Spectra Analysis of Phenolic Compounds
The Fourier transform infra red spectrum of three rice cultivars are shown in Figs. 2a, 2b, and 
HPLC Analysis of Phenolic Compounds
The identification of phenolic compounds by HPLC revealed differences in the, phenolic fraction profile among the rice cultivars (Figs. 3a, 3b, and 3c ). The distribution of phenolic acids in all samples is illustrated in Table 4 . The main phenolic acids identified in all three cultivars were salicylic acid, apigenin, and quinic acid. The salicylic acid was present at 302.06 ± 0.03, 44.50 ± 0.01, and 231.94 ± 0.02 mg/L level in UA, LA, and PA, respectively. The highest amount apigenin was detected in UA (7.03 ± 0.01 mg/L) followed by LA (0.42 ± 0.02 mg/L) and PA (0.49 ± 0.01 0.95 ± 0.003 b 1.66 ± 0.002 c 0.51 ± 0.002 a 100
1.05 ± 0.008 b 1.88 ± 0.003 b 0.57 ± 0.002 a Values expressed as mean ± SD (n = 3); Means with different letters in the same row indicate that there is significant difference between samples (p ≤ 0.05) from Duncan's multiple range tests.
ANTIOXIDANT PROPERTIES OF PIGMENTED RICE mg/L). Quinic acid was detected in all the three rice cultivars in high amounts. It was found that UA, LA, and PA had 255.46 ± 0.01, 611.46 ± 0.01, and 133.92 ± 0.02 mg/L of quinic acid, respectively. Quercetin was only detected in LA (33.27 ± 0.01 mg/L) cultivars and there was no 
DISCUSSIONS
Energy in foods can be described by gross energy (GE), i.e., the heat produced by the food and metabolizable energy (ME) as the energy available for body functions or as the adenosinetriphosphate (ATP) available to the human body. Each leads to different energy conversion factors. [15, 16] According to IRRI [17] rice varieties were classified into five groups as per their amylose content: waxy (1-2%), very low (2-9%), low (10-20%), intermediate (20-25%) , and high (25-33%). The amylose content of these three rice cultivars varied from 5.30-11.86 % ( Table 1) . The phenolic compounds react with a deep violet color solution of DPPH and convert it to 2, 2diphenyl-1-picrylhydrazine with decolorization and measurement of color reduction allows to estimate the DPPH scavenging activity of the samples. [10] A similar type of result has been observed by numbers of researchers. [18, 19] Therefore, measurement of color reduction allows the estimation of the chelating activity of the sample. [11] Chelating activity of rice extracts depends upon concentration of extract. From Fig. 1b it was also observed that there was strong correlation between iron chelating activity and concentration of UA and LA sample.
In general ferrozine can quantitatively form complexes with Fe 2+ but for presence of phenolic compounds which act as chelating agents, the complex formation is disrupted with the result that the red color of the complex is decreased with the sample concentrations. [20] The UA cultivar showed significantly (p < 0.05) the high amount of chelating activity compared to LA and PA rice cultivars.
The reducing power assay of the rice samples were determined based on the reduction of ferricyanide complex to the ferrous form in presence of reductants (antioxidants) in the rice samples. [21] UA cultivars of rice showed significantly higher reducing power with increase of sample concentration than PA and LA cultivars. It may be attributed to the presence of significantly higher amount of phenolic compounds in UA cultivar than PA and LA cultivars.
High phenolic contents in the samples result in the high reduction of Fe 3+ to Fe 2+ by donating an electron and which can be measured by the formation of pearl's Prussian blue at 700 nm indicates an increase in reductive ability. [22] The measurement of H 2 O 2 scavenging activity is one of the useful methods for determining the ability of antioxidants to decrease the level of pro-oxidants. [23] Phenolic compound in extract act as an electron donor for conversion of hydrogen peroxide to water may accelerate [23] that increase the scavenging activity of extract. It was also observed that there was strong correlation between hydrogen peroxide scavenging activities of all three samples and concentration and similar results were also observed by Park. [24] Intense characteristic peak at approximately in the region of 3600 to 3700 cm -1 and 3200-3500 cm -1 have been seen in all the three rice cultivars. Broad band at 
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SAMYOR, DEKA, AND DAS 3610-3640 cm -1 and 3200-3500 cm -1 is attributed to -OH stretching vibrations, which represents possibly the presence of phenolic OH. [25] On the other hand, a weak C-H stretching band at around 2891 to 2937 cm -1 was observed in the rice cultivars, which represents the asymmetrical and symmetrical stretching vibration of hydroxyl group, respectively. The weak C-H stretching band in FT-IR spectrum was the plausible reason for the presence of phenolic acid in the rice cultivars. [26, 27] The presence of carbonyl (C=O) linkages were confirmed from the peaks at 1076 and 1162 cm -1 . The FT-IR band of C=O stretching was mainly due to the presence of carboxyl (-C=O) group of phenolic compounds of the pigmented rice cultivars. The bands approximately in the regions of 3400, 2930, and 1650 cm -1 are characteristic of a carbohydrate ring. [28] The concentration of total phenolics in the cultivars is associated with the antioxidant activities- [29] [30] [31] which has potential benefits such as reduction of oxidative stress, cardiovascular problems, blood, and lipid-related diseases. [31] The rice cultivars used in the present study have various types of phenolic acid content. Salicylic acid, caffeic acid, quinic acid, apigenin, ferulic acid, gallic acid, and quercetin were identified in pigmented cultivars, whereas the last two acids were not detected in white rice.
CONCLUSION
The results of the proximate composition of the pigmented rice cultivars differed significantly over the non-pigmented rice. In addition, pigmented rice cultivars evinced substantial amount of phenolic compounds (UA-349.3 ± 0.02 and LA-262.30 ± 0.01 mg GAE/100 g) compared to white rice (142.90 ± 0.01 mg GAE/100 g) and revealed high antioxidant activity. The pigmented cultivars also showed a higher amount of anthocyanin content in UA (12.79 ± 0.001) and LA (11.47 ± 0.001 mg/100 g) compared to white rice (1.34 ± 0.001) further reinforced its potential for high value addition. FT-IR and HPLC analysis of the rice cultivars deciphered the presence of seven phenolic compounds viz., quinic, salicylic, quercetin, apigenin, ferulic, gallic, and caffic acid which are paramount for functional foods. It is prudent to summarize that these pigmented untapped rice cultivars of Arunachal Pradesh, India have enormous potential in the field of the pharmaceutical industry vis-a-vis its health benefits.
